We describe a radial partition enzyme immunoassay in which fully automated quantification of human thyrotropin (hTSH) takes <11 mm. This "sandwich"-type assay involves two monoclonal antibodies, both specific for the intact hTSH molecule. The solid phase consists of tabs of glass-fiber filter paper containing a pre-immobilized monoclonal anti-hTSH antibodycomplexed with a goat antibody specific for the Fc region of mouse igG. The patient's sample is first applied to the central "reaction zone" of the tab, wherein hTSH binds to the immobilized antibody. Application of a buffered solution containing enzyme-labeled Fab' fragments of the second monoclonal anti-hTSH antibody initiates "sandwich" formation. A wash buffer containing a fluorogenic substrate elutes unbound conjugate to the tab periphery. The bound enzyme conjugate is quantified by measuring the rate of increase in fluorescence in the reaction zone of the tab, then converting the rate to clinical units by comparison with a stored calibration curve. The clinical utility and performance of the present assay compare favorably with those of other sensitive assays for hTSH. The measurement of human thyrothrophin (hTSH) in serum has been routinely applied to the diagnosis of primary hypothyroidism (1), in which the above-normal concentrations of hTSH can easily be detected by commercially available immunoassays. Because increased concentrations of thyroid hormones act via feedback to suppress secretion of hTSH, a single measurement of basal hTSH concentration should also be usefulfor distinguishing between normal and hyperthyroid individuals (1, 2). Immunoassay kit methods historically have lacked the sensitivity to define a low cutoff value for euthyroid individuals, making this distinction impossible (3, 4). Recent interest in the use of hTSH measurement as a screening tool has led to the development of several highly sensitive monoclonal antibody"sandwich"-type immunoassays for clinical use (5-11). However, these improved assays still generally involve hours of incubation coupled with such inconveniences as manual pipeting, multiple washes of the solid phase, and (or) manual data reduction. immunoassay is the solid phase used: antibodyimmobilizedon a small area of glass-fiber paper. The large surface area thus afforded allows for high sensitivity with very short incubation times.
urgent (stat) analysis
The measurement of human thyrothrophin (hTSH) in serum has been routinely applied to the diagnosis of primary hypothyroidism (1), in which the above-normal concentrations of hTSH can easily be detected by commercially available immunoassays. Because increased concentrations of thyroid hormones act via feedback to suppress secretion of hTSH, a single measurement of basal hTSH concentration should also be usefulfor distinguishing between normal and hyperthyroid individuals (1, 2). Immunoassay kit methods historically have lacked the sensitivity to define a low cutoff value for euthyroid individuals, making this distinction impossible (3, 4). Recent interest in the use of hTSH measurement as a screening tool has led to the development of several highly sensitive monoclonal antibody"sandwich"-type immunoassays for clinical use (5-11). However, these improved assays still generally involve hours of incubation coupled with such inconveniences as manual pipeting, multiple washes of the solid phase, and (or) manual data reduction. partition immunoassay is the solid phase used: antibodyimmobilizedon a small area of glass-fiber paper. The large surface area thus afforded allows for high sensitivity with very short incubation times.
Our recently described (14) monoclonal antibody "sandwich" assay for the automated quantification of human choriogonadotropin (hCG) represented the first application of the technique at the sensitivity and specificity needed for assay of the sialoglycoprotein hormones.
We report here our development of a radial partition enzyme immunoassay for quantifying hTSH with the Stratus#{174} immunochemistry
analyzer. All pipeting, washes, incubations, and data reductions are performed automatically by the instrument.
The first assay result is available within <11 mm, owing to use of a standard curve stored in the analyzer; this provides a capability for "stat" measurement of hTSH not previously available. With a detection limit of 0.1 milli-int. unitlL, this assay could resolve clinically hyperthyroid from euthyroid individuals in clinical trials. We have also evaluated the performance characteristics of the assay. No special modifications of the instrument were required for the hTSH assay. aminobenzoate ("Sulfo-SIAB"; Pierce Chemical Co., Rockford, IL 61105), as described previously (14), then mixed with a sixfold molar excessof anti-hTSH Fab'. The conjugation reaction was allowed to proceed for 64-84 h at 4#{176}C. Coupling presumably took place through the exposed "hinge region" thiol groups on the Fab'. We purified the enzymelabeled Fab' by gel filtration on Sephadex G-200 (Pharmacia 
Materials and Methods

Instrumentation
Reagents
lmmunoassay Procedure
The radial partition immunoassay for hTSH is performed automatically by the Stratus analyzer in a manner similar to that described earlier for hCG (14) . Unlike the hCG assay, in which a capture antibody specific for the alpha subunit is immobilized on the solid phase, we chose to develop the present assay by using a "sandwich" of two monoclonal antibodies specific for intact hTSH, so as to minimize potential interference by other sialoglycoproteins. To capture the maximum possible amount of sample hTSH for maximum assay sensitivity, the instrument applies a larger sample volume (0.09 mL) to the tab more slowly than in the hCG assay. We lengthened the analyzer index time from 60 s to 80 s to accommodate the application of the larger sample volume. The total elapsed time from the initial sample application to the first result is therefore approximately 610 s, with one determination every 80 s thereafter. Finally, we changed the substrate wash buffer from Tris (1 moIJL) to diethanolamine (1 mol/L) to obtain a higher enzyme activity for the bound conjugate, thereby also improving assay sensitivity. The concentration of the fluorogenic substrate was increased to maintain a concentration that exceeded by 10-fold the Km of the enzyme under these assay conditions.
Results
Assay Validation
The Stratus analyzer was routinely calibrated by assaying, in duplicate, six hTSH calibrator solutions with concentrations ranging from 0 to 50 milli-int. units/L in pooled normal equine serum (Figure 1) . A sigmoidal dose-response curve,fitted to the data by using a modification of Rodbard's four-parameter logistic routine (16), was stored by the instrument.
Sample and control serum signal rates in millivolts per minute were converted to milli-int. units of hTSH per liter by comparison with the stored curve. We estimated the detection limit of the assay by assaying 10 replicatesof the 0 calibrator on four different calibrated instruments. Two standard deviations above the mean 0 hTSH Conc., milli-int. units/L Since the practical sensitivity of an immunoassay depends upon its variability, we examined the precision of the present assay, using six different control sera containing hTSH in concentrations ranging from 0.30 to 12.9 milli-int. units/L. We assayed each control in triplicate 22 times over a period of 20 days, using a standard curve stored in the analyzer on the first day. As shown in Figure 2 , the assay standard deviation declines to approximately 0.05 milli-int. unitlL at low concentrations of hTSH. The total measurement coefficient of variation (CV) is 10% or less for hTSH concentrations of 0.60 milli-int. unitlL or greater. Withinassay and between-assay CVs were 9.9% and 4.3% at 0.55 milli-int. unitfL, and 12.5% and 11.7% at 0.30 milli-int. unitlL, respectively (17) .
We demonstrated the accuracy of the assay calibration with use of three normal human sera independently adjust- Glycoprotein Concentration, pmol/L were adjusted with a buffered stock solution of hTSH standardized to IRP 80/558. Each sample was assayed for hTSH in duplicateby radial partition immunoassay and mean recoveries were calculated for each hTSH level. As shown in Table 1 , analytical recoveries ranging from 93.9% to 102.4% were obtained, with an overall mean recovery of 98.4%. We also examined the linearity of the radial partition immunoassay by assaying serial dilutions of three serum samples containinghigh concentrations of hTSH; of a human-based high control(Tri-Rac R#{174} lot 316, Dade, Baxter Inc., Miami, FL 33152) ; and of the 50 milli-int. units/L calibrator. Dilutionswere prepared in the assay's equine serum calibrator base. The log of the dilution was regressed against the log of the measured hTSH concentration for each of the above specimens, giving a series of parallel lines with slopes very near 1.0 (Figure 3) . Linearity was demonstrated to 0.2 milli-int. unit of hTSH (1:256 dilution) per liter by using the assay's 50 milli-int. unitsfL calibrator.
The specificity of the present assay for hTSH was evaluated by comparing its response to hTSH with its response to various concentrations of affinity purified follitropin (hFSH), lutropin(hLH),and choriogonadotropin (hCG) (all Data collected at two of the field-trial sites, from which more extensive clinical information was available, were used to demonstrate the correlation of the hTSH concentrations as measured by radial partition immunoassay with the patients' known thyroid status. Figure 5 shows the distribution of hTSH concentrations for hyperthyroid, euthyroid, and primary hypothyroid patients, along with that for individuals receiving thyroid hormone replacement and suppression therapies. The euthyroid sample population 
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Discussion
It has been suggested that the principal desirable characteristics of a hTSH assay that will distinguish normal subjects from those with hyperthyroidism include rapidity, convenience, and high sensitivity (11). The radial partition immtmoassay described here is, to our knowledge, the only assay for hTSH capableof measuring a sample in just over 10 mm, including data reduction. A Stratus instrument carousel of 30 specimens can be completed within 50 miii with use of a calibrated analyzer. Calibration involves assaying in duplicate the six standards provided (controls may be optionally included). System calibrations are stable for two weeks: recalibration is recommended for each new reagent lot or if control recoveries are out of specification.
The radial partition immunoassay also offers the convenience of full walk-away hTSH assay automation on the Stratus analyzer. Patients' samples are transferred directly from collection tubes to sample cups on the instrument carousel, either manually or by use of an optional sample handler. All subsequent pipetting, incubations, washes, and data reduction are performed automatically. Sensors allow the instrument to block subsequent pipetting steps when tabs or sample cups are accidentally omitted, avoiding reagent wastage.
Our estimated detection limit of 0.1 milli-int. unit/L is somewhat conservative and should be achievable by most clinical laboratories familiar with the Stratus system. Results are provided to the hundredths place for the best possible low-level resolution. One proposed definition for the functional sensitivity of an assay for hTSH is that doselimit where the interassay precision is 10% or less (19). Examination of the precision profile of the present assay suggests that, according to this definition, the functionalsensitivity is comparable with other high-sensitivity assays for hTSH, including some which claim lower detection limits (20) .
A set of five criteria for assessment of the performance and clinical utility of assays of hTSH has recently been proposed (21).
Criterion 1 demands that the assay has <1% overlap between the variation of the lower normal value limit and the assay detection limit. The prescribed sensitivity test is to determine whether the 2.5 percentile of the hTSH values for euthyroid adults minus 2.6 times the SD of measurements at this level exceeds the upper 2.6 SD limit of 0 milli-int. unitlL. Examination of FigureS places the 2.5 percentile of the euthyroid samples at 0.4 milli-int. unit/L, and, based on the data presented in Figure 2 , the SD at this concentration, was estimated to be 0.054 milli-int. unitfL. Therefore, 2.6 times the SD below the 2.5 percentile of euthyroid samples is 0.26 milli-int. unitlL for radial partition immunoassay. Recalculation of the data used to determine the detection limit, using 2.6 times SD, gave hTSH concentrations ranging from 0.07 to 0.15 milli-int. unit/L on the four Stratus instruments tested, all of which were below the prescribed limit.
Criteria 2 and 3 require subnormal basal hTSH values in 95% of patients with subnormal TRH response, and detectable basal TSH values in 95% of patients with normal Till responses. While additional TRH testing would be required in order to confirm these criteria for the present radial partition immunoassay, some preliminary results suggest that they will also be met. All of the hyperthyroid test subjects reported here showed absent or blunted responses to hTRH; and a sample of approximately 20 of the euthyroid subjects selected for lower hTSH concentrations showed that all were TRH responsive. In a related study involving 68 patients receiving i.-thyroxin, no patient having a hTSH concentration that was undetectable by radial partition immunoassay showed any response to TRH stimulation (18) .
Criteria 4 and 5 require undetectable hTSH valuesin 95% of hyperthyroid patients and detectable hTSH values in 95% of clinically euthyroid subjects. In our study, 32 of 33 hyperthyroid subjects (97%) measured less than the assay's claimed detection limit of 0.1 milli-int. unitlL, while all of the euthyroidsamples had measurable hTSH values.
The radialpartitionimmunoassay therefore passes an important clinical test of sensitivity by enabling its users to establish a lower limit for the euthyroid range. It has also been suggested that this assay may be valuable in establishing optimal dosages for individuals receiving thyroid hormones for replacement or thyroid suppression (18). The use of two monoclonal antibodies specific for hTSH results in negligible interference in the assay by the other sialoglycoprotein hormones. The exceptional speed and convenience of the radial partition immunoassay for hTSH are therefore achieved without sacrificing clinical diagnostic utility.
